Objectives: This investigation aims to evaluate the knowledge of critical care providers in mechanical ventilation (MV) management and to assess the impact of a 2-day educational package on their knowledge. Materials and Methods: Eighty-nine physicians and nurses attended a 2-day educational course about basic MV management. The basic MV course was conducted in February to June 2017 at Majmaah, Hail, and Arar, Saudi Arabia. Participants were part of a pre-MV course assessment and answered 12 items on a multiple choice questionnaire. After the course, participants repeated the same test (post-MV course assessment). Participants were asked to rate their knowledge of MV management on a scale of 1-10 (before and after the basic MV course). Results: Forty critical care providers (14 physicians and 26 nurses) completed the basic MV course. The participants' clinical experience, on average (±standard deviation), was 5.96 ± 4.6 years. Clinical experience favored physicians. The pre-MV course score for all participants was 4.7 ± 2.29 out of 12, while the post-MV course score was 5.65 ± 2.47. There was a significant statistical difference between pre-and post-MV assessment scores (P = 0.03). Differences between physicians and nurses were significant, on both pre-MV course assessment (P = 0.01) and post-MV course assessment (P = 0.006). There was significant correlation between clinical experience and preassessment scores (r = 0.37; P = 0.03). Conclusion: The present investigation shows that MV management knowledge of critical care providers in hospitals located in small cities is limited. Therefore, it is advisable that critical care providers engaged in continuous professional educational activities related to MV management.
INTRODUCTION
Mechanical ventilation (MV) management is a common practice in critical care units. [1] MV is one of the major indications for admission to intensive care units (ICUs). [1] [2] [3] [4] Generally, MV is indicated when there is an imbalance between the patient's capability and demands. Therefore, it is commonly indicated in acute respiratory failures, cardiac failure, neuromuscular diseases, drug overdose, sepsis, and other well-documented indications. [4] Unfortunately, MV is not without complications. These complications might arise from endotracheal tube insertion and placement, lung injury, ventilator-associated pneumonia (VAP), respiratory muscle atrophy, and some related physiological and psychological problems. [4, 5] Management of MV cannot be simplified. It requires a very good knowledge in a complex and dynamic interaction between several ventilatory variables. This knowledge and skill need to be incorporated into accurate and efficient decisions about best practice while also avoiding ventilator-related complications. [6, 7] Earlier studies have reported that the knowledge of ICU residents, for example, does not support the safe and efficient practice of MV. [8] Hence, it was concluded that continuing education and educational sessions are critical to improve knowledge, build up clinical judgments, and promote best practice. [7] Indeed, early reports have shown that improving health care providers on some aspects of MV would have a positive impact on patient's outcomes. [9] It has been shown that an educational intervention that aims to improve health-care providers' knowledge in MV would significantly decrease hospital length of stay, reduce the rate of VAP, decrease the number of unsuccessful weaning trails, and improve MV management. [7] Hospitals in small cities are striving for optimum patient care. However, limited resources, shortage of staff, and scarceness of educational activities impose restrictions. Therefore, it is advisable that critical care providers engaged in continuous professional educational activities related to MV management. [10] The primary aim of this study was to evaluate critical care providers' knowledge on basic MV management in small city hospitals, as well as the impact of educational packages.
MATERIALS AND METHODS
Convenience sampling method was used for recruitment. All participants were invited to attend a 2-day course about basic MV management, which was conducted at three small cities: Majmaah, Hail, and Arar (Saudi Arabia) on three different dates. The basic MV course was conducted from February to June 2017. All health-care providers who work in critical care units were invited from almost all hospitals in each city. Invitations were simultaneously sent to relevant departments in each hospital, given that there was no intention to select or exclude any hospital. Participants were not aware of the pre-and post-MV course assessments. Before starting the basic MV course, a 12-item multiple choice questionnaire was administered to all participants, as a pre-MV course assessment. Participants had 20 min to complete the assessment. The first page of the assessment tool is a survey, with data about participants' gender, specialty, and clinical experience; they were asked to rate their perceived knowledge of MV on a scale from 1 to 10, with 1 indicating a lack of knowledge and 10 indicating ample knowledge. Evaluation of participants' perceived knowledge about MV was conducted twice, before and after the basic MV course.
The 12-item multiple choice questionnaire was prepared by senior respiratory therapists (RTs). The questionnaire covers basic aspects of MV management. It was then revised and approved by two university professors who are specialized in respiratory therapy. There was no major modification on the questionnaire.
Once the MV course started, no precourse assessment was permitted. By the end of the course, participants were asked to repeat the same assessment. None of the participants knew they would have an assessment after the course, and none knew it would be the same at the previously completed assessment. Participants were given 20 min to complete the post-MV course assessment. For analysis purposes, on average, any precourse assessment score or postcourse assessment score <40% is considered poor.
Course description
The 2-day program focuses on interactive workshops with hands-on skills training, simulation, and case studies to supplement lectures on fundamental MV principles and technology. Several key issues on MV were discussed, including respiratory failure, modes and settings of invasive ventilation, patient-ventilator monitoring and assessment, complications of MV, and discontinuing MV.
The learning objectives of the basic MV course included understanding respiratory failure and indications of MV, understanding the basic principles of MV (including the various modes and parameters of MV), and utilizing various patient-ventilator system monitors (i.e., ventilator graphics for assessment, monitoring, and troubleshooting). Moreover, MV strategies for specific diseases and complications associated with MV were discussed. Furthermore, the learning objectives include identifying and discussing essential adjunctive therapies for the patients on MV, familiarizing participants with the complications and hazards associated with MV, and understanding the methods of discontinuing ventilatory support (weaning).
The basic MV course is composed of 12 oral presentations and four workshop sessions. Each presentation lasted 30 min, while each workshop lasted 45 min. On the 1 st day, there were six presentations. These presentations cover the physiology of breathing, introduction to MV, and components of mechanical ventilators. The morning session also covers basic ventilator setup, introduction to MV modes, and pressure ventilation versus volume ventilation. On the afternoon, there were three workshops: basic ventilator setup, introduction to MV modes, and volume ventilation versus pressure ventilation.
On the 2 nd day, there are six presentations and one workshop. The 2 nd day covers basic ventilator management, clinical cases in MV management, and monitoring mechanically ventilated patient, as well as discontinuing MV, complications of MV, and basic MV graphics. The workshop was conducted in the afternoon. The participants were distributed into three groups. Each session lasted for 2 h. This workshop addressed MV setup and case management.
The study was approved by the Armed Forces Hospitals Eastern Region Institutional Review Board Committee. Data were anonymized by removing any personal information for the purpose of confidentiality.
Statistical analysis
Participants' demographics were calculated with descriptive statistics. Paired t-tests were used to evaluate the difference between pre-MV course assessment scores and post-MV course assessment scores. An independent t-test was used to evaluate differences in performance between physicians and nurses in both pre-MV course assessment and post-MV course assessment. A correlation coefficient evaluated the clinical experience and perceived knowledge against pre-and post-MV assessment scores. P < 0.05 was considered as statistically significant. All statistical analyses were conducted with SPSS version 22 (IBM, Armonk, NY, USA).
RESULTS
There were 89 participants who attended the course, while only 40 (45%) participants completed the pre-and post-MV course assessments. Participants who did not provide demographic data or failed to complete either the pre-or post-MV course assessment were excluded. Twenty-two female participants attended the course. Fourteen of the course attendees were physicians, while the rest of the participants were nurses. Figure 1 illustrates the perceived knowledge of health-care providers before and after the MV course.
The clinical experience of all participants ranged from 0.5 to17 years, with an average (±standard deviation) of 5.96 ± 4.6 years. Clinical experience favored physicians in comparison to the nurses. The pre-MV course score for all participants, on average, was 4.7 ± 2.29 out of 12, while the post-MV course score, on average, was 5.65 ± 2.47. Table 1 presents the pre-MV course and post-MV course scores for physicians and nurses, while also showing the perceived knowledge of both groups before and after the MV course.
A paired t-test comparing the total pre-MV course scores against post-MV course scores, for all critical care providers, indicates a statistically significant difference (P = 0.03). Figure 2 illustrates the performance of all critical care providers in the pre-MV course assessment and post-MV course assessment. On the other hand, the independent t-test shows a significant difference in performance between physicians and nurses in the pre-MV course assessment scores (P = 0.01). Furthermore, the independent t-test shows a significant difference in performance between physicians and nurses in the post-MV course assessment scores (P = 0.006).
The correlation between participants' clinical experience and pre-MV course scores was significant (r = 0.37; P = 0.03). However, there is no correlation between the critical care providers' perceived knowledge scores before the MV course and their pre-MV course scores (r = −0.02; P = 0.92). Similarly, there was no significant correlation between post-MV course scores and post-MV course perceived knowledge scores (r = 0.20; P = 0.22).
DISCUSSION
This investigation has shown that the MV knowledge of critical care providers working in hospitals located in small cities is limited. However, cumulative clinical experience has a positive impact on their knowledge of basic MV management. Moreover, the perception of critical care providers' competence in basic MV was not compatible with their actual performance. Following a 2-day course, a statistically significant improvement in performance was detected.
Almost 20 years ago, it was well recognized that there is a deficiency in the MV knowledge among the internal medicine residents in the United States. [8] These authors recommended developing specific learning objectives for MV. These learning objectives were advised to be impeded into the training curricula. Conversely, residents in the emergency rooms had shown good basic knowledge in MV. [11] It was reported that their scores correlated with their level of training. The authors have called for incorporating more educational materials into emergency medicine training programs. Similarly, nurses' knowledge of MV was reported to Data were presented as a mean (SD), Indicates to significant difference between physicians and nurses. SD: Standard deviation be unsatisfactory. In one large European study that included 318 ICUs, among 11 categories of intensive care-related individuals, the performance of nurses was lowest in the ventilation domain. The nurses scored an average of 66% across all 11 categories, but performance in respiration and ventilation was considered poor. [12] Furthermore, the nurses' performance varied considerably across European countries. The authors of the study attributed this variation in performance to variation in the autonomy of nurses to adjust and manage MV among countries. The present investigation did not compare the nurses' knowledge of MV against other domains. Nevertheless, the nurses' performance is comparable to their performance on previous reports. More importantly, our data show improving performance with cumulative clinical experience. These findings are in line with others. [12] However, a positive relationship between health-care performance and cumulative clinical experience does not always exist. [13] In North America, Saudi Arabia, and probably other countries, RTs play a major role in MV management. [14] [15] [16] Therefore, RTs would work closely with critical care physicians to deliver good patient care. RTs share responsibility for MV initiation, adjustment, monitoring, and weaning. Thus, the role of critical care nurses in the management of MV is limited. However, in Saudi Arabia, hospitals in small cities lack the benefits of having RTs. The reasons for this are multifactorial and beyond the scope of this report. Therefore, physicians and nurses are collaboratively fully responsible for MV management. This is sometimes not limited to Saudi Arabia. [14, 17] Anecdotally, some critical care physicians and nurses gain knowledge in MV management through clinical practice. Thus, those critical care physicians and nurses should be engaged in continuous professional education to sharpen their skills and enhance their knowledge about MV management. The present data show that the knowledge of these critical care providers is below average. The data also show that the performance of the physicians surpasses that of the nurses. However, the superiority of critical care physicians is unlikely to compensate for any deficiency in the nurses' performance. The role of critical care nurses in caring for the mechanically ventilated patients cannot be undervalued. An improvement in nurses' knowledge and skills is likely to enhance and optimize MV management.
Here, it was shown that a 2-day intensive course was able to enrich nurses' knowledge and (probably) sharpen their skills. Such courses have been shown to improve knowledge and skills. [18] We assume that the improvement of critical care providers' knowledge and skills would translate into better patient outcomes. [19] MV management usually takes place in a dynamic and fast-paced clinical environment. Periodically, MV-related scientific evidence emerges from randomized controlled trials. Critical care providers need to adopt the newly emerging MV-related evidence and incorporate them into daily practice. [20, 21] Therefore, enhancing knowledge and sharpening MV-related skills will likely reduce MV-related adverse events and improve outcomes. The majority of MV-related adverse event are believed to arise from human errors. [22] Therefore, engaging critical care providers in periodic educational activities and clinical training is advisable. These educational activities should combine active and passive learning styles. Active learning is a form of bedside teaching and direct involvement in patient care. Passive learning combines traditional didactic methods, such as lectures, conferences, and workshops. [23] Therefore, according to the present data, it would be recommended that critical care providers be regularly engaged in clinical educational sessions. This is strongly recommended for critical care providers working in hospitals located in small city or rural settings. Moreover, it would be advisable that critical care providers undergo a periodic annual competency-based assessment. This would provide minimum standardization for the practice and enhance patients' safety.
The present investigation has several limitations. First, the sample size is small. A larger sample size would definitely give more strength to the conclusion. Second, the assessment tool is capable of evaluating the theoretical knowledge but not psychomotor skills. Although the psychomotor skills were not directly evaluated, it was partially measured through the 12-item multiple choice assessment tool. The third potential limitation is the lack of a control group. Nevertheless, the current data have shown that critical care providers in hospitals located in small cities would benefit from educational activities and clinical training in MV management.
CONCLUSION
The knowledge of MV management among critical care providers in hospitals located in the small cities is limited, which is likely to negatively impact the care of mechanically ventilated patients. Therefore, it is advisable that critical care providers undergo periodical, intensive MV managementrelated courses. Critical care providers should also 
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